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08/661,960, filed June 12, 1996. ( 
Statement a « t„ r^ nl)y Spnn(;nrpH jL-^h 

This invention was made with Government support under NIH grant 
DK43031, and the Government therefore has certain rights in this invention. 

Background nf thg Invention 
This invention relate ,o P-se.ec.in ligand molecules, DNAs, and uses thereof 
P-selectin is an integral membrane C-type lectin found within the 
Weibel-Paladc bodies of endothelial cells and the alpha granu.es of platelets (McEver et 
al., J. Clm. Invest., 84:92-99, 1989; Bonfanti e. al, Blood, 73:1109-1 112, ,989- Hsu-Lin 
e. al., J. Biol. Chen,, 259:9121-9126, 1984; Stenberg et al., J. Cell Biol., ,01:880-886 
1985). Its translocation to the plasma membrane can be induced by thrombin, hi*ami„e 
and other mediators released by mast cell activation, complement C5b-9 complex or C5a 
fragment, peroxides, and oxidized low-density lipoprotein (Hsu-Lin 
etal., J. Biol. Chem., 259:9121-9126, 1984; Stenberg et al., J. Cell Biol., 101-880-886 
1985; Hattori e, al., J. Biol. Chem., 264:9053-9060, 1989; Kubes and Kanwar J 

Immunol., 152:3570.2577,,994;Tho,laciuse.al.,Bi„chem.Bi„phys Res ' 
Communications, 203:1043-1049, 1994; F„ re man e, al., J. Clin. Invest., 94 1 147-1 155 
1994; Patel et al., J. Cell Bio.., 1 12:749-759, ,991; Lchr e, a,., Laboratory Invest 
71:380-386, 1 994; Gebuhrer et al., Biochem. J., 306:293-298, 1995). Once displayed on 
the cell surface, P-selec«i» supports the attachment of myelomonocytes to platelets or 
endothelial cells (Larsen et al., Cell, 59:305-3.2, 1989; Hamburger and McEver Blood 
75:550-554 .990; Gcng e, a,., Nature, 343:757-760, 1990; Gamble e, al., Science 
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249: , 7 ' ' atter ^ a ~ ^ « underlying tissue 
nsu.,and supports me initia , s(ep jn |eukocyte extavasationi rojjing ^ 

atag the po*api„a^ venule wa.l (Lawrence and Springer, CeU, 65:859-873 , 99,) 

decrease, leukocyte rol,i„ g a„ d show delayed ^ 
expenmemally induced inflammation (Mayadas e, a!., Cell, 74:541-554 1993) 
Generally, the mediators which i» duC e lectin expression are involved in signaling 
*auma or wounding. One of tite first recognized responses to tissue trauma is mas, c!l, 
~„, wh,ch is accompany by release of histamine, serotonin, and other difMble 
^^^^^^^^^^ 

andcomplementaltcmativcpamwayengagemcntbyforeignbodies. P-selectin 
expression is induced by signals g e n e rated in ^ of these ^ 

»f P-selectm mediated neutrophil rolling has been th„ ught t0 h m 
consequence of surgical intervention, cromolyn, an agent which bmcks mast cel, 

(Kubes and Kanwar, J. Immunol., 152:3570-3577, 1994). 

Summary nf th» Tmrntinn 

In a first aspect, me invention features an orgaruc molecule ,„ which mere is 
ovaiently ^ . sialy , Le , ^ , ^ ^ ^ 

tihese determmants being positioned at a non-naturally occurring site on me molecule 

a sulfated d ! ' ^ ^ ^ " ^ * ***** * 
sulfated determman, which is atiached to the mo,ecu,e a, a sequence consisting 

essentially of: (a) amino acids 2,-57 of Fig. 8A , W amino acids 38-57 of Fig S A or (c, 
™ SYEDIS(SEQIDN0: , 5) Such,se,ee t i n , lg a„ ds ma y a,so P 2b,y 
mclude a, leas, one copy of a repeat sequence ATEAQTTPPA (SEQ ID NO- 1) or 
MATNSLETSTGTSGPPVT (SEQ ID NO: 2). 
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In a third aspect, the invention features fusion proteins that include a P- 
selectin ligand joined to an antibody domain (for example, one or more of the hinge, 
CH2, and CH3 domains). 

In related aspects, the invention features purified nucleic acid encoding a 
protein containing sites for the attachment of a sialyl-Le* determinant and a sulfated 
determinant, at least one of these determinants being positioned at a non-naturally 
occurring site on the protein; purified nucleic acid encoding any one of the P-selectin 
ligands of the invention; purified nucleic acid encoding a P-selectin-antibody fusion 
protein; and vectors and recombinant cells including any of these nucleic acids. 

In another related aspect, the invention features a method of inhibiting the 
binding of a cell bearing a P-selectin protein to a molecule or cell bearing a sialyl-Le* 
determinant and a sulfated determinant. The method involves contacting the P-selectin 
protein-bearing cell with either an organic molecule bearing sialyl-Le* and sulfated 
determinants, at least one of these determinants being positioned at a non-naturally 
occurring site on the molecule; a P-selectin-antibody fusion protein; or any of the P- 
selectin ligands of the invention. 

In another related aspect, the invention features a method of reducing 
inflammation in a mammal involving administering to the patient a therapeutically- 
effective amount of either an organic molecule bearing sialyl-Le" and sulfated 
determinants, at least one of these determinants being positioned at a non-naturally 
occurring site on the molecule; a P-selectin-antibody fusion protein; or any one of the P- 
selectin ligands of the invention. 

In yet another related aspect, the invention features a method of reducing or 
protecting a mammal against any extravasation-dependent adverse reaction (including, 
without limitation, extravasation-dependent organ damage and/or clotting associated with 
adult respiratory distress syndrome, glomerular nephritis, and ischemic myocardial 
injury). The method involves administering to the mammal a therapeutically-effective 
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amount of either an organic molecule to which there is covalently bonded a sialyl-Le x and 
a sulfated determinant, at least one of these determinants being positioned at a non- 
naturally occurring site on the molecule; a P-selectin-antibody fusion protein; or any of 
the P-selectin ligands of the invention. 
5 In a final aspect, the invention features a method of reducing or protecting a 

mammal against an adverse immune reaction, involving administering to the mammal a 
therapeutically-effective amount of either an organic molecule to which there is 
covalently bonded a sialyl-Le x and a sulfated determinant, at least one of these 
determinants being positioned at a non-naturally occurring site on the molecule; a P- 

10 selectin-antibody fusion protein; or any of the P-selectin ligands of the invention. 

Preferably, this method involves treating the mammal for an adverse immune reaction 
which is induced by a microbial factor. Such microbial factors include, without 
limitation, gram-negative bacteria lipopolysaccharides (LPS), peptidoglycans from gram- 
positive organisms, mannan from fungal cell walls, polysaccharides, extracellular 

15 enzymes (e.g., streptokinase) and toxins (e.g., toxic shock enterotoxins of staphylococci). 
In other preferred embodiments, the method involves treating a mammal for any adverse 
immune reaction which is induced by a host factor. Such host factors include, without 
limitation, metabolites of complement, kinin, and coagulation systems, factors released 
from stimulated cells (e.g., cytokines such as interleukin 1 (IL-1) and tumor necrosis 

2 0 factor-cx (TNF)), enzymes and oxidants from polymorphonuclear leukocytes (PMNs), 
vasopeptides (e.g., histamine), and products of the metabolism of arachidonic acid. In 
other preferred embodiments, the adverse immune reaction is induced by recombinant 
TNF-a or is induced by recombinant IL-1 . In yet other preferred embodiments, the 
adverse immune reaction is septic shock or is septicemia. 

25 In preferred embodiments of each of the above aspects, the organic molecule 

or protein also inhibits the binding of a cell bearing an E-selectin (ELAM-1) protein to a 
molecule or cell bearing a sialyl-Le x determinant and thus inhibits E-selectin-mediated 
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inflammation, extravasation-dependent adverse reactions, and adverse immune reactions; 
the sialyl-Le x and sulfated determinants are present on a P-selectin ligand consisting 
essentially of: amino acids 21-57 of Fig. 8 A (for example, amino acids 38-57 of Fig. 8 A); 
the sialyl-Le x determinant is N-linked or O-linked; the molecule or protein contains 
5 multiple sialyl-Le x and/or multiple sulfated determinants; the organic molecule is a 
protein (for example, an antibody (for example, IgG or IgM), a , -acid glycoprotein 
(AGP), or an antibody fusion protein (for example, an AGP-antibody fusion protein); the 
protein is an antibody, AGP, or an antibody fusion protein (for example, an AGP- 
antibody fusion protein) to which any of the P-selectin ligands described herein is 

10 appended (for example, at the protein's amino-terminus); the antibody or antibody fusion 
protein (for example, the AGP-antibody fusion protein) includes, as an antibody portion, 
an IgGl CH2, CH3, and/or hinge domain; the antibody, AGP, or antibody fusion protein 
includes one or more of the N-linked glycan addition sites of a x -acid glycoprotein; the 
antibody portion of the molecule bears one or more non-naturally occurring sialyl-Le x 

15 determinants; the sialyl-Le x determinant interferes with the antibody's ability to fix 

complement or bind an F c receptor (for example, due to a sialyl-Le x determinant attached 
to one or more of amino acids 274, 287, or 322 of the sequence shown in Fig. 10); and 
the organic molecule is soluble. 

By a "P-selectin ligand" , as used herein, is meant any amino acid sequence 

2 0 capable of mediating an interaction with the P-selectin receptor and includes those 

proteins referred to as P-selectin counter-receptors. Preferable P-selectin ligands contain, 
without limitation, tyrosine sulfation sites consisting essentially of amino acids 21-57 of 
Fig. 8A, amino acids 38-57 of Fig. 8A, or the sequence TGDYYEDSYEDIS (SEQ ID 
NO: 15). P-selectin ligands according to the invention may be used in conjunction with 

2 5 additional protein domains (for example, antibody domains) to produce fusion proteins 
useful in the invention. 
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By "non-naturally occurring" is meant a sialyl-Le x or sulfated determinant that 
is not one which is naturally bound to the molecule at that amino acid location. 

By "inflammation" is meant a pathologic process consisting of cytologic and 
histologic reactions that occur in the affected blood vessels and adjacent tissues in 
response to an injury or abnormal stimulation caused by a physical, chemical, or biologic 
agent. Inflammation, as used herein, includes any acute inflammatory response (for 
example, during or following adult respiratory distress syndrome or ischemic myocardial 
injury) as well as any chronic inflammatory response (for example, rheumatoid arthritis, 
psoriasis, or pemphigus vulgaris). 

By "purified nucleic acid" is meant DNA that is free of the genes which, in the 
naturally-occurring genome of the organism from which the DNA of the invention is 
derived, flank the gene. The term therefore includes, for example, a recombinant DNA 
which is incorporated into a vector; into an autonomously replicating plasmid or virus; or 
into the genomic DNA of a prokaryote or eukaryote; or which exists as a separate 
molecule (e.g., a cDNA or a genomic or cDNA fragment produced by PCR or restriction 
endonuclease digestion) independent of other sequences. It also includes a recombinant 
DNA which is part of a hybrid gene encoding additional polypeptide sequence. 

By "N-linked" is meant bonded to the amide nitrogen of an asparagine residue 
of a protein. 

By "O-linked" is meant bonded to the hydroxyl-group oxygen of a serine, 
threonine, or hydroxyzine residue of a protein. 

By an "extravasation-dependent adverse reaction" is meant any reaction which 
is detrimental to the host and which results directly or indirectly from the inappropriate 
attachment of neutrophils to endothelium at or proximate to a site of inflammation, tissue 
damage, or thrombus formation and results in migration of those neutrophils into the 
attached blood vessel or organ. Organs which may be affected by such damage include, 
without limitation, the heart, lungs, and kidneys. 
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By an "adverse immune reaction" is meant any reaction mediated by an 
immune cell (i.e., any B cell, T cell, monocyte/macrophage, natural killer cell, mast cell, 
basophil, or granulocyte) and which is detrimental to the host. 



(J^ - d etailed Dos eap tinrr 
The drawings will first be briefly described. 

Fig. 1 A is a schematic representation of the structure of the PSGL-1 deletion 
mutants. Systematic deletion of the ectodomain of PSGL-1 was accomplished with 
conventional PCR methods. A representative 10-residue repeat (stippled; SEQ ID NO:l) 
and the transmembrane domain (hatched) are illustrated. Fig. IB is a histogram which 
represents P-selectin binding activity of transfected COS cells expressing the deletions 
shown in Fig. 1A. 51 Cr-labeled cells were allowed to adhere to soluble P-selectin 
adsorbed to microtiter wells. The cells were washed, the bound cells were then lysed, and 
51 Cr levels were counted. Deletion constructs were introduced into cells either in the 
absence (bar 2) or presence (remaining 7 bars) of the human FTVII fucosyltransferase . 

Mg. 2 A is a schematic representation of chimeras of PSGL-1 and CD4^ The 
membrane proximal extracellular domain, transmembrane, and intracellular domains of 

poor , . . £$ & Q mo: i n\ 

r&GL- 1 were replaced with the cognate sequences of CD4^The resulting molecule lacks 
cysteines and thus cannot form a disulfide linked dimer. Fig. 2B is a histogram 
representing P-selectin binding activity of transfected COS cells expressing the chimeras 

2 0 shown in Fig. 2A. FTVIIh, cotransfection with the human FTVII fucosyltransferase. 

Fig. 3 A is a schematic representation of chimeric mucins bearing the PSGL-1 
apical domain appended to intact or truncated mucin C-termini. The PSGL-1 N-terminus 
(stippled; SEQ ID NO:l) and the transmembrane (TM) domains (hatched) are illustrated. 
The sequence of PSGL-1 -NH 2 /CD43 "repeats" are represented by SEQ ID NO:2. 

2 5 PSGL- 1 was fused to the N-terminus of the predicted mature CD34 and GlyC AM- 1 
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molecules, and to the N-terminus of the repeat region of CD43. Fig. 3B is a histogram 
representing P-selectin binding activity of transfected COS cells expressing the constructs 
shown in Fig. 3 A. FTVIIh, human FTVII fucosyltransferase. 

Fig. 4A is a schematic representation of PSGL deletion mutants. The amino 
terminal gmam ^ appended to PSGL molecules having varying numbers of the 
repeated elemenj, Fig. 4B is a histogram representing P-selectin binding activity of 
transfected COS cells expressing the chimeras illustrated in Fig. 4A. 

Fig. 5 is a photograph of an autoradiogram of mucin.immunoglobulin fusion 
proteins labeled with 35 S-sulfate and electrophoresed on an 8% denaturing 
polyacrylamide gel under reducing conditions. Lane A, supernatant of CDM8 transfected 
cells; Lane B, supernatant of cells transfected with Ig expression vector (no mucin insert); 
Lane C, supernatant of cells expressing PSGL-1 :Ig; Lane D, supernatant of cells 
expressing CD43.Ig; Lane E, supernatant of cells expressing CD34:Ig; and Lane F, 
supernatant of cells expressing GlyCAM-l:Ig. 

Fig. 6A and Fig. 6B are histograms representing binding to immobilized P- 
and E-selectin of COS cells expressing PSGL-1 with or without fucosyltransferase and in 
the presence or absence of 1 0 mM NaCIO, Fig. 6A is a histogram representing binding 
of cells to P-selectin. Fig. 6B is a histogram representing binding of cells to E-selectin. 

Fig. 7 is a photograph of an autoradiogram of PSGL-1 immunoglobulin fusion 
proteins labeled with 35 S-sulfate in the presence or absence of 10 mM NaC10 3 and 
electrophoresed on an 8% denaturing polyacrylamide gel under reducing conditions. The 
photograph indicates that chlorate inhibits incorporation of 35 S-sulfate into soluble mucin 
chimeras. Lane A, supernatant of CDM8 transfected cells in the absence of chlorate; 
Lane B, supernatant of cells expressing PSGL-1 :Ig in the absence of chlorate; Lane C, 
supernatant of CDM8 in the presence of chlorate; and Lane D, supernatant of cells 
expressing PSGL-1 :Ig in the presence of chlorate. 
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Fig. 8 A is a listing of the sequence endpoints of various PSGL-1 deletion 
mutants (indicated by the arrows) The uppermost sequence is SEQ ID NO:3; the middle 
sequence is SEQ ID NO: 13; the lowermost sequence is SEQ ID NO: 14. Fig. 8B is a 
histogram representing P-selectin binding activity of transfected COS cells expressing the 
5 deletion mutants having the endpoints shown in Fig. 8A. 

Fig. 9A is a schematic diagram of the constructs employed to measure the 
effect ^^g^^^J^ variants of PSGL-L g§«38-57 to deleted 
PSGL-1 or CD43^ The inserted sequences are shown at bottom lefy Fig. 9B is a 
histogram representing P-selectin binding activity of transfected COS cells expressing the 
1 0 chimeras illustrated in Fig. 9A. 

Fig. 10 is a listing of the nucleotide sequence (SEQ ID NO:8) encoding IgGl 
(SEQ ID NO:9) and mutations designed to create N-linked glycan addition sites (SEQ ID 
NO: 12). 

Fig. 1 1A is\he nucleotide sequence (SEQ ID NO:10) and Fig. 1 IB is the 
L5 amino acid sequence (SBO. ID NO:l 1) of an AGP-IgGl fusion protein. 

Fig. 12A is a schematic diagram of immunoglobulin fusion proteins consisting 
of either intact ^ G ^^^^or 20 residue peptides joined to the hinge, CH2, 
and CH3 domains of human IgGJ,. Construct Y/F-hlgG bears SEQ ID NO:5; construct 
T/AhlgG bears SEQ ID NO:6; construct Y/F-T/A-hlgG bears SEQ ID NO:7. Fig. 12B is 
! 0 a photograph of an 8% polyacrylamide gel used to assess incorporation of [ 35 S]cysteine 
and methionine by the fusion proteins shown in Fig. 12A following transfection into COS 
cells. Lane A, supernatant of cells transfected with CDM8 control. Lane B, supernatant 
of cells transfected with PSGL-1 -immunoglobulin fusion protein. Lane C, supernatant of 
cells transfected with WT-hlgG. Lane D, supernatant of cells transfected with Y/F-hlgG. 
5 Lane E, supernatant of cells transfected with T/A-hlgG. Lane F, supernatant of cells 
transfected with Y/F-T/A-hlgG. Fig. 12C is a photograph of an 8% polyacrylamide gel 
used to assess incorporation of [ 35 S]sulfate by the fusion proteins shown in Fig. 12A 
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following transfecti 0 „ of COS cells. In addition, a control fusion protein ^ n0 
amrno-terminal addition was included (Lane B). Lanes C through G correspond to Lanes 
B through F in Fig. 12B. 

Fig. 13 is a bar graph of interacting HL-60 cells per video-captured field The 
cells were hfeed into a parallel plate flow chamber predated with either P-se,ec,i„- 
.mmunoglobulin chimera or a CD4-immu„g,obulin chimera control. The cells were 
subjected to a shear stress of 0.75 dynes/cm'. Eac h bar represents the average number of 
cells ( ± SEM) per field from eight frames taken a, , 5 second intervals. CeUs rolling or 
flown* appear as scales on the video image. The bars represent, from left to right- HL- 
60 ceHs rolling o, flowing over P-selec,in-immu„ 0 g, obin chimera, HL-60 cells pretreated 
m a sulfate-free medium with 10 mM sodium chlorate, and HL-60 cells flowing over 
CD4-immunoglobulin chimera. 

Fig. 14 is a schematic representation of putative synthetic P-selectin ligand 
constructs. _ O'^deotidesg^^e tyrosine sulfation sites o^ 
Factor V„. ( -Factor VHP or "F S> r „ e fouih component of human complement <«4» 
Component of Human Complement" or ^» iSertektween a fin hemagglutinin 
tag ( Flu ) and the amino-terrmnus of a sequence containing either PSGL-1 (the "1R1 ■ 
consfr.0,) or CD43 (me «CD43» construct, The PSGL-1 repeat sequences (SEQ ,D NO 
1) and the CD43 repeat sequences (SEQ ID NO: 2) are indicated, and the transmembrane 
domains (TM) are shown as hatched boxes. 

Fig. 15 is a histogram representing P-selectin binding activity of transfected 
COS cells expressing the chimeras of Fig. ,4 „r control proteins of Fig, 2A or 4A In 
F.g. 15, construe, "1R1-WT" is equivalent to «,RP of Fig. 4A, and construe, "CD43- 
WT" is equivalent to "PSGL- 1 -NH 2 /CD43-COOH" of Fig. 2A. 

Sialyl-Lewis X (sialyl-Le>) and sulfated determinants were shown to interact 
w.,h P-selectin and facilitate binding by the following ex peri menl , ^ „ 
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Panted ,„ i„us,ra,e, „„, limit , me invention. fc memods used in 
expenments will first be described. 

groduc tion of Soli.hle P-<H-ti n 

S COS c II f^"" ^ E " Se,CC,i " 18 ^ ^ ^ by ' ™— in 

ce„s of an expression P ,asmid encoding the ,ecti„, EGF-related, and firs, two shor, 
consensus repeat relat e d d o m ai„ s „f P . selectin joined „ me ^ ^ ^ cffl 

domatns of human IgG! (Aruflo e, a,., EMBO J., 6:33.3-33,6, ,99,; Wa, 2 e, a, 
Science, 250:1 132-1 135 I990)ThsP<!ri i to,,. 

Pr B ,-, A COd,n8 sequence ™ s °^ned by 

PCR amp„fica„o„ of an HL-60 cDNA hbrary, and the sequence confirmed by DNA 

fencing. The coding segmen, for me mature ex,racel,u,ar, _brane and 
-n,race.,u,ar domains was inserted into an expression vector base d on CDM8 which lacks 
•he polyoma virus origin of replication and contains the ieader sequence for the CD5 
ant-gen positioned jus, upstream of the coding region for an influenza hemagglutinin (flu) 
pepfde (F,e,d et al., M„l. Ce„. Bio,. 8:2,59-2,65, „ 88) epitope rag. 
Consrniram r » f P sr,r-| n a| . t j„ n - 

Amino terminal PSQL-1 deletion constructs were prepared by PCR 

downstream of an XbaI si ,e in ftame ^ (encodes ^ Asp) ^ 

encoded a po.ypeptide in which the residues tad be,ow immediately followed the 

aspartie acid (D)oftheXba site: A„ 8 , A.28, A138, A,48, A,58, A,68 G,78 A,88 

A,8A208,A2,8,A228,A238,A2 4 8,A 2 58,and T 268„fmePSOM;Jr T t 
PCR ftagments were then inserted in the CDS ,eader flu tag expression vector used for 
express™ of the intac, PSGL-I . The flu fag terminates in an Xba, site in the frame 
descnbed above. Sequences a, the flu tag junction were verifled, and expression was 
confirmed » COS ce„s by indirect immunofluorescence microscopy and flow cytometry 
A senes of mtema, deletions with an EcoR, si ,e a, to site offhe ^ h ^ * 
(encodes g,u,amic acid phenyialanine, was also prepared by firs, creating de,e,ion 
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variants with amino termini (residues immediately following phenylalanine (F)) of the 
EcoRI site corresponding to Al 18, A128, A138, A148, A158, A168, G178, A188, A198 
A208, A218, A228, A238, A248, and A258 of the peptide sequence of the precursor. To 
each of these deleted variants was appended a flu-tagged amino-terminal PSGL-1 domain 
ending with an EcoRI site in the glutamic acid phenylalanine frame immediately 
downstream of PSGL-1 precursor Al 17. The resulting constructs contained deletions 
between Al 17 and the various endpoints above. 
Mucin Do main Interchang e 

CD34, CD43, and GlyCAM-1 mucins were prepared for addition of the 
PSGL-1 amino-terminal domain by appending an EcoRI site to either the mature amino 
terminus (CD34 or GlyCAM-1), or to the beginning of a region of thxeonine/proline-rich 
repeats (CD43). As above, the EcoRI site was in the frame glutamic acid phenylalanine 
(frame 1). The CD34 sequence began at residue F30 of the precursor, the Gly-CAM-1 at 
precursor L19, and the CD43 at precursor 1135. To each of these was appended the flu- 
tagged PSGL-1 domain terminating in EcoRI as above. The amino terminus and repeat 
elements of PSGL-1 were appended to the membrane proximal, transmembrane, and 
intracellular domains of CD43 through an EcoRI site in the glutamic acid nbenylalanine x 
frame positioned immediately upstream of the sequences S225<of the^pLS' 7 ? ) 
The complementary fragment from PSGL-1 corresponded to the amino-terminal residues 
of the precursor up to T267. 
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Fine Structure Mapping of the Aminn.Terminal nnmain 
A similar strategy was employed for the construction of deletions in the 
amino-terminal domain, in which PCR generated deletions were formed using primers 
bearing an Xbal site in the leucine aspartic acid frame (frame 2). Immediately 
5 downstream of the residues encoding aspartic acid were the PSGL-1 sequences 

corresponding to precursor R38, E58, P78, and A98. For the definition of the amino- 
terminal domain, duplex oligonucleotides were synthesized corresponding to the residues 
between 38 and 57 with the indicated sequence changes to mutate threonine or tyrosine 
residues to alanine or phenylalanine. All constructs were confirmed by dideoxy 
1 0 sequencing. 

Cell Adhesion Assays 

Transfected cells were detached from culture dishes with 0.5 mM EDTA in 
phosphate buffered saline (PBS) 48 to 60 hours after transfection. The cells were then 
loaded with 100 ul «Cr0 4 (1 mCi/ml; DuPont, Boston, MA) in 0.9% NaCl plus 100 ml 
medium by incubating them at 37°C for 1 hour. Loaded cells were washed twice in PBS 
and resuspended in 0.2% BSA, 0. 1 5 M NaCl, 3 mM CaCl 2 . Variation in labeling rate 
(counts incorporated per cell) between cells prepared in parallel with the same batch of 
labeled chromate was typically minimal. The labeled cells were incubated in wells of 96- 
well microculture plates which had been coated with affinity purified goat anti-human 
IgG antibody (100 ul of 20 ug/ml anti-human IgG Fc (heavy chain specific) in PBS) for 2 
hours in a humid chamber at room temperature. After the plate was washed twice with 
PBS, additional protein-binding sites were blocked by an overnight incubation with 200 
ul 3% BSA in PBS. The plate was washed with PBS four times and incubated with 200 
ul of fusion protein supernatants for 2 hours. Following three PBS washes and one 
additional wash (in 0.2% BSA, 0.15 M NaCl, 3 mM CaCl 2 ), 2 x 10* cells/well (in 200 ul 
0.2% BSA, 0.15 M NaCl, 3 mM CaCl 2 ) were added and allowed to bind for 15 minutes at 
room temperature while the plate rotated on a rotary platform (80 rpm). The plate was 



15 
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washed three times by filling the wells with 200 ^1 0.15 M NaCl/3 mM CaCl 2 and then 
inverting the plate. Adherent cells were lysed by the addition of 200 ^1 2% SDS, and 
labeled chromate was counted with a gamma ray spectrometer. 
Immunofluorescence Analysis 

Cells were prepared for cytometry by incubation with the primary monoclonal 
antibody (a 1 :200 dilution of ascites or 5 |ig/ml of purified antibody is suitable) in PBS 
containing 3% BSA for 30 to 45 minutes. The cells were washed twice with PBS and 
incubated with 2 |ig/ml FITC-conjugated affinity purified antibody to either mouse IgG 
(12CA5) or mouse IgM (CSLEX-1) for 30 to 45 minutes in PBS/3% BSA. The cells 
were then washed twice with PBS and resuspended in 1 ml of 1% freshly depolymerized 
paraformaldehyde in PBS prior to analysis. For immunofluorescence microscopy, 
transfected cells were fixed with 4% freshly depolymerized paraformaldehyde, washed, 
exposed to BSA at 3% in PBS for 30 minutes, and then incubated with primary antibody 
(ascites, 1 :250) for 30-45 minutes. The cells were then washed twice with PBS and 
incubated for 30-45 minutes with FITC-conjugated affinity-purified antibody to mouse 
IgG (Cappell; 2 jug/ml in PBS containing 3% BSA). Finaly, the cells were washed twice 
with PBS and analyzed. 

Metabolic Labeling with 35 SQ 1 

COS cells transfected with expression plasmids encoding 
mucin:immunoglobulin chimeras were trypsinized one day after transfection and 
transferred to new plates in complete medium (DMEM with 10% calf serum). Prior to 
labeling, the medium was removed, the cells were washed once with PBS, and the 
medium was replaced with either cysteine and methionine-free medium for labeling with 
[ 35 S]cysteine and methionine (TransLabel, ICN) or with sulfate-free CRCM-30 medium 
(Sigma Chemical Co.) for labeling with 35 S0 4 . Serum was not added, and radionuclide 
was typically present at a concentration of 200 juCi/ml. After a labeling interval of 12 to 
16 hours, the supernatants were harvested, and the fusion proteins were collected by 
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adsorption to goat anti-human IgG agarose (Cappel). Adsorbed proteins were subjected 
to denaturing electrophoresis on 8% polyacrylamide gels under reducing conditions. 
Chlorate Inhibition of Adhesion 

COS cells were transfected with DEAE dextran and incubated immediately in 
5 DMEM containing 10% calf serum and 10 mM sodium chlorate. One day after 

transfection the cells were trypsinized and incubated in fresh dishes in the same medium 
for 6 hours. The medium was then removed, the cells were washed with PBS, and then 
incubated for 1 8 additional hours in a custom prepared DMEM medium (Life 
Technologies) lacking sulfate and containing 2% of the conventional levels of cysteine 
10 and methionine with 10% dialyzed fetal bovine serum in the presence of 10 mM sodium 
chlorate (Baeuerle and Huttner, Biochem. Biophys. Res. Comm., 141:870-877, 1986). 
Cells were then harvested for use in the adhesion and immunofluorescence assays. 
Control cells were treated similarly but were incubated in DMEM containing undialyzed 
serum. 

15 HL-60 Cell Rolling 

Video images of HL-60 cells rolling through a parallel plate rectangular flow 
chamber (FCS2, Bioptechs, Incorporated, Butler, PA) with a temperature controlled stage 
set at 37 °C were acquired with an AIMS Technology (Bronx, NY) ®§p> camera mounted 
on a Zeiss ICM 405 inverted microscope equipped with a 2.5x objective. The chamber 

2 0 height was 250 jum. Cells were withdrawn through the chamber at a defined flow rate 
with the aid of a Harvard Apparatus (South Natick, MA) model I/W 22 syringe pump. 



Images were analyzed using NIH Image. To mfiflrt sulfation, HL-60 cells were washed 
once with PBS and grown for 18 hours in sulfate-free medium containing 2% of the 
normal levels of cysteine and methionine, 10 mM sodium chlorate, and dialyzed serum as 
25 described above. For each experiment, 10 6 cells were suspended in 1 ml of 0.15 M NaCl, 
3 mM CaCl 2 and drawn through the chamber. Glass coverslips were coated with affinity- 
purified goat anti -human IgG antibody at a concentration of 10 /^g/ml in 50 mM Tris-HCl 
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(pH 9.0) for 2 hours, washed twice with PBS, and blocked overnight with 0.2% BSA in 
PBS. The treated coverslips were then immersed in supernatants of COS cells transfected 
with the appropriate immunoglobulin chimera expression plasmids, washed twice with 
PBS, and assembled in the flow chamber. 



ligand, a synthetic oligonucleotide was created which encoded the sequence residues of 
human coagulation Factor VIII constituting the tyrosine sulfation site of that molecule. 
The Factor VIII residues were TGDYYEDSYEDIS (SEQ ID NO: 15), and the sequence 

10 corresponded to that of native Factor VIII except for the inclusion of an EcoRV site at the 
3' end, encoding the Asp and He residues, which was included in the oligo for 
convenience of monitoring the cloning step. The Factor VIII tyrosine sulfation sequence 
was inserted between the flu hemagglutinin oligopeptide tag (described above) and the 
amino-terminus of the human CD43 mucin derivative (also described above). 

15 In addition, other test constructs were generated. In particular, the above- 

described Factor VIII tyrosine sulfation sequence was also inserted between the flu 
hemagglutinin tag and the amino-terminus of the 1R1 construct described above. And an 
oligonucleotide encoding the tyrosine sulfation site of the fourth component of human 
complement (EDYEYDELP; SEQ ID NO: 16) was inserted in the CD43 and 1R1 

2 0 constructs at a position comparable to the Factor VIII oligonucleotide (described above) . 
Each of these constructs is depicted diagrammatically in Fig. 14. 



techniques, and the resulting truncated cDNAs were inserted downstream of a secretory 
2 5 peptide sequence which had been fused to a short oligopeptide tag derived from influenza 
hemagglutinin (HA). Expression plasmids encoding the truncated molecules (Fig. 1 A) 
were transfected into COS cells in the presence of a specific myeloid fucosyltransferase, 



5 



Construction of a Preferred Synthetic P-Selectin Ligand 

To create a synthetic molecule which has the capacity to act as a P-selectin 



The Amino Terminus of PSGL-1 is Necessary for P-Selectin binding 



Deletions of the amino terminus of the PSGL-1 mucin were created with PCR 
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designated FTVII, which directs the expression of sLe x determinants exclusively (Sasaki 
et al., J. Biol Chem., 269:14730-14737, 1994; Natsuka et al., [published erratum appears 
in J. Biol. Chem, 269:20806, 1994], J. Biol. Chem., 269:16789-16794, 1994). 
Expression of the deletion mutants at the cell surface was confirmed by indirect 
immunofluorescence using anti-HA monoclonal antibodies. The presence of sLe x on the 
cell surface was similarly confirmed using the monoclonal antibody CSLEX-1 . The 
ability of radiolabeled transfected cells to bind to plastic wells precoated with 
P-selectin:immunoglobulin fusion protein was determined. These experiments revealed 
that deletion of the amino terminal 100 residues (referred to herein as the apical domain) 
of PSGL-1 was sufficient to abolish binding of the transfectants to immobilized 
P-selectin (Fig. IB). These experiments also demonstrate that sLe x mediates P-selectin 
binding, as expression of FTVII was required for P-selectin binding (Fig. IB; compare 
bar 2 with bar 3). Expression of the deletion variants at the cell surface was confirmed by 
indirect immunofluorescence using anti-HA monoclonal antibodies, and the presence of 
sLe x on the cell surface was confirmed using the monoclonal antibody CSLEX-1 . Table 
1 shows the mean fluorescence intensity (MFI) of COS cells that were cotransfected with 
human FTVIIh and the deletion constructs (shown in Fig. 1 A), and subjected to indirect 
immunofluorescence with antibody against the amino terminal flu peptide or sLe\ 
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Table 1 

Construct Expression (MFD 

Flu Siel 



PSGL-l-flu 


5.0 


37 


Xbal 


17.0 


26 


Xba3 


20.0 


28 


Xba6 


21.0 


28 


Xba9 


12.0 


26 


Xbal 2 


6.0 


30 


Xbal 6 


6.0 


25 



10 In the Context of Large. Sulfated Mucins, the Amino Terminus o f PSGL-1 is 

Sufficient for P-Selectin Binding 

To determine whether PSGL-1 sequences other than those found in the first 
100 N-terminal amino acids (i.e., the apical domain) of PSGL-1 were required for binding 
to P-selectin, the transmembrane and cytoplasmic regions of PSGL-1 were replaced with 

15 those of the CD43 antigen (Pallant et al., Proc. Natl. Acad. Sci., 86:1328-1332, 1989; 
Shelley et al, Proc. Natl. Acad. Sci., 86:2819-2823, 1989). The resulting molecule, 
which did not contain cysteine residues, bound P-selectin with the same efficiency as 
PSGL-1 did (Fig. 2A and Fig. 2B). Thus, neither disulfide bond formation nor a specific 
membrane anchoring segment is required for P-selectin binding activity. 

2 0 The predicted first 1 00 amino acids of PSGL- 1 were then genetically grafted 

onto the amino termini of mucin-like repeat elements of several unrelated mucins to 
determine whether or not the PSGL-1 apical domain is sufficient for P-selectin ligand 
(i.e., counterreceptor) activity (Fig. 3 A). Certain of these chimeric mucins were able to 
support P-selectin binding in this setting. CD34 and CD43, two relatively large mucins 

2 5 found predominantly on human hematopoietic cells, were both able to support binding. 
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In contrast, an artificially anchored variant of GlyCAM-1, a mucin expressed on high 
endothelial venules that has L-selectin ligand activity (Lasky et al., Science, 258:964-969, 
1992), was inactive in this assay (Fig. 3B). The GlyCAM-1 mucin domain in these 
experiments was tethered to the cell surface via the extracellular stalk, transmembrane 
5 domain, and cytoplasmic anchoring segments of CD7 (Aruffo et al., EMBO J., 6:3313- 
3316, 1987). Cell surface expression of the different mucins and mucin chimeras was 
confirmed by indirect immunofluorescence using antibodies agains flu tag, sLe x , or the 
respective mucins. Table 2 shows mean fluorescence intensity (MFI) measurements of 
expression of flu tag or sLe x by COS cells transfected with the constructs analyzed in Fig. 
10 3B. CD34 and CD43 constructs were positive for expression by indirect 
immunofluorescence using cognate anti-CD antibodies. 



Table 2 

Construct Expression (MFD 

Flu SLeX 



FTVIIh 




52 


PSGL-l-flu 


9.8 


43 


CD43 




60 


PSGL-1-NH 2 /CD43 rep. 


12 


67 


CD34 




50 


PSGL- 1 -NH 2 /CD34-COOH 


8.0 


33 


Glycam-flu 


12 


32 


PSGL- 1 -NH 2 /Glycam-COOH 


8.0 


28 



The apparent molecular masses of CD43 and CD34 expressed in COS cells 
are reported to be 100-130 kD (Shelley et al., Proc. Natl. Acad. Sci., 86:2819-2823, 1989) 
25 and 100 kD (Simmons et al., J. Immunol., 148:267-271, 1992), respectively; the PSGL-1 
monomer exhibits an effective molecular mass of 1 10 kD (Sako et al., Cell, 75:1 179- 
1 186, 1993). GlyCAM-1, in its native (untethered) state comigrates with 50 kD proteins, 
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suggesting that it is substantially smaller (Lasky et al., Science, 258:964-969, 1992). In 
our studies, the larger mucins were able to support P-selectin binding when the apical 
domain of PSGL-1 was appended to the amino terminus of the mucins. Sequential 
deletion of the internal repeat elements of PSGL-1 allowed us to shorten the molecule in 
5 a systematic manner without compromising potential global tertiary associations (Fig. 
4A). As these repeat elements were deleted, the binding activity of PSGL-1 declined, 
consistent with the conclusion that distance from the plasma membrane is an important 
determinant of P-selectin binding activity (Fig. 4B). 

Our data also indicate that sulfation is one determinant of the ability of mucins 
10 to support apical domain-directed binding. We assessed the ability of various mucins to 

asssi 

gj undergo sulfation in COS cells. PSGL-1, CD34, CD43, and GlyCAM-1 soluble mucin 

~2 chimeras readily incorporated sodium 35 S-sulfate when expressed in COS cells (Fig. 5). 

ffj Inibition of Sulfation Blocks PSGL-1 Binding 

D to P-Selectin 

IB 15 We have found that inhibition of sulfation blocks PSGL-1 binding to 

p P-selectin. COS cells were cotransfected with PSGL-1 and FTVII, or transfected with 

~ PSGL-1 and FTVII separately. During the time period in which maximum synthesis of 

O PSGL-1 was expected, the cells were incubated in a modified DMEM medium lacking 

%j sulfate and containing 10 mM sodium chlorate, a relatively selective inhibitor of sulfation 

2 0 (NaC10 3 ). We observed a significant decrease in the ability of chlorate-treated 

cotransfected cells to bind to immobilized P-selectin (Fig. 6A), whereas the same cells 
showed little or no decrement in binding to immobilized E-selectin (Fig. 6B). Cell 
surface expression of either the sLe x antigen and the PSGL-1 amino terminal tag 
sequence was not inhibited by NaC10 3 treatment. In fact, as shown in Table 3, an 
2 5 increase in the mean fluorescence intensity of the transfected cells, representing both 
anti-sLe x and anti-flu tag, was observed following chlorate treatment, suggesting that 
chlorate may affect internalization or cell surface export. 
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Table 3 

Expression (MFD 
w/o NaCIO , w/IOmM NaClO, 





sLe" 


Flu 


sLe" 


FJu 


FTVIIh 


23 




30 




PSGL-l-flu 




9 




22 


PSGL-lflu + FTVIIh 


15 


10 


35 


34 



A soluble PSGL-1 immunoglobulin chimera synthesized under comparable conditions 
showed essentially complete inhibition of 35 S-sulfate incorporation (Fig. 7), under 
conditions in which protein synthesis as measured by [ 35 S]cysteine and methionine 
incorporation was not inhibited. These data demonstrate that sulfation of the P-selectin 

10 ligand is required for P-selectin binding activity. 

Fine Structure Deletion Analysis of the Apical Domain of PSGL-1 
To localize the elements within the 100 amino acid apical domain which 
contribute to P-selectin ligand activity, we prepared a collection of deletion mutants in 
which various regions of the apical domain were deleted (Fig. 8A). Each amino terminal 

1 5 deletion mutant was then placed downstream of the CDS leader/flu tag element to 
monitor cell surface expression. The fine structure deletion mutants showed little 
variability in their ability to express the epitope tag, as assessed by indirect 
immunofluorescence. Removal of the first 20 amino acids of the N-terminus of the 
mature PSGL-1 did not affect P-selectin binding activity. In contrast, removal of the first 

2 0 40 amino acids of the N-terminus abrogated binding (Fig. 8B). Further deletions of 

PSGL did not affect P-selectin binding activity. Accordingly, amino acid residues 20 to 
40 of PSGL (i.e., residues 38 to 57 of the predicted precursor having the signal sequence) 
are required for P-selectin binding. 
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To demonstrate that residues 38 to 57 are sufficient for PSGL-1 apical 

domain-directed activity, we appended this segment to the amino termini of PSGL-1 and 

CD43 mucin cores from which the apical domains had been deleted (Fig. 9A). In both 

cases, addition of amino acids 38-57 of PSGL-1 peptide element conferred P-selectin 

5 binding activity upon the mucin core. In both cases, the level of P-selectin binding 

activity was equivalent to that of native PSGL-1 (Fig. 9B). 

Specific Residues Within the Amino Terminal Peptide are Required for P- 
selectin Binding Activity 

The 20 amino acid region which is necessary for P-selectin binding contains 

10 three potential tyrosine sulfation sites and two threonine residues for O-linked 

glycosylation. To assess the importance of these residues, the tyrosines were converted to 
phenylalanine (Fig. 9A). In a second peptide, the threonines were converted to alanines. 
In addition, a third peptide, containing a quintuple mutation, was prepared such that both 
conversions were made in a single peptide. Each mutated peptide was then positioned, 

15 separately, downstream of the flu tag and upstream of either (1) the truncated PSGL-1 
lacking the apical domain, or (2) the CD43 repeat elements and transmembrane domain. 
Cells expressing the resulting chimeras were tested for their ability to bind to 
immobilized P-selectin (Fig. 9A). Conversion of the tyrosines to phenylalanines resulted 
in a loss of binding activity to P-selectin. Replacement of the threonine residues with 

2 0 alanine diminished binding, but did not abolish it entirely. Expression of the flu tag or 
sLe x epitope was not affected in these cells. Binding mediated by the apical 20 residues 
was, like that of native PSGL-1, dependent on the presence of calcium. These data 
indicate that sulfation of tyrosines at positions 46, 48, and 51 is required for P-selectin 
binding activity. E-selectin binding was unaffected under the same condition. In 

2 5 addition, these data indicate that the threonines at positions 44 and 57 are required. These 
threonine residues can serve as sites for O-linked glycan addition. These experiments, in 
conjunction with our experiments showing that FTVII expression is necessary for P- 




-22- 



selectin binding, provide evidence that P-selectin binding requires sLe x at threonines 44 
and 57. In sum, the above-described experiments demonstrate that amino acids 38-57, 
containing three residues for sulfation and two residues for sLe x addition, are sufficient to 
confer P-selectin binding activity. 

Residues Within the Amino-Terminal 20 Amino Acids are Sulfated on 
Tyrosine 

To determine whether the amino-terminal segment was capable of being 
sulfated in vivo, we created fusion proteins consisting of the native or mutant peptide 
sequences joined to human immunoglobulin Gl (IgGl) (Fig. 12A). The resulting fusion 
proteins were expressed in COS cells, and their ability to assimilate inorganic sulfate was 
assessed (Fig. 12B). Immunoglobulin chimeras bearing the native peptide sequences 
were capable of incorporating sulfate, whereas those bearing phenylalanine substituted 
for tyrosine were not (Fig. 12C). Replacement of threonine with alanine had no effect on 
sulfate incorporation (Fig. 12C). 

Inhibitors of Sulfation Block HL-60 Rolling on P-Se lectin-Immunoglobulin 

Chimeras 

To explore whether inhibition of sulfation would compromise a 
physiologically relevant adhesion, we subjected HL-60 cells to growth in medium 
containing chlorate and examined the ability of the resulting cells to attach and roll on 
coverslips coated with P-selectin-immunoglobulin chimeras under conditions of defined 
fluid shear stress (Lawrence et al., Blood, 75:227-237, 1990). HL-60 cells were capable 
of attaching to and rolling upon coverslips precoated with P-selectin-immunoglobulin 
chimeras, whereas no such interaction was observed with coverslips coated with a CD4- 
immunoglobulin chimera (Fig. 13). Growth of HL-60 cells in chlorate dramatically 
reduced the frequency of cell interaction with the substrate (Fig. 13). 
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A Preferred Synthetic P-Selectin Ligand 

Candidate synthetic P-selectin ligands were constructed as described above. 
These ligands, which are depicted in Fig. 14, contained a tyrosine sulfation site from 
either coagulation Factor VIII or the fourth component of human complement linked to 
the repeat sequences of either PSGL-1 or human CD43. The human CD43 construct 
included no sequences derived from PSGL-1. 

Expression plasmids encoding these putative ligands were each transfected 
into COS cells with a second expression plasmid encoding human fucosyltransferase VII 
(FTVIIh) (generally as described above). Cell surface expression of recombinant ligands 
was documented by cytometry using an anti-HA monoclonal antibody which recognized 
the flu tag sequence, and expression of the sialyl-Le x epitope was confirmed with an anti- 
sialyl-Le x monoclonal antibody (also as described above). In static binding assays, 
transfected COS cells expressing FTVIIh and the synthetic ligand, Factor VIII-CD43 
(CD43-F8), bound to plastic coated with P-selectin Ig fusion protein (described above) 
approximately as well as did COS cells expressing the PSGL-1 tyrosine sulfation site 
grafted onto the repeat elements of PSGL-1 ("1R1-WT"). 

Antibodies and Antibody Fusion Prote ins Rearing Sia1v1-T.e x and Sulfated 

Determinants 

In one embodiment, the invention features an antibody bearing sialyl-Le x and 
sulfated determinants. Such an antibody may be created by introducing sulfation sites 
(i.e., a tyrosine in an acidic context) into an existing antibody molecule in the vicinity of 
an introduced or existing sialyl-Le x addition site (for example, by standard site-directed 
mutagenesis). Alternatively, appropriate sialyl-Le x and/or sulfation sites may be added 
by appending any P-selectin ligand sequence (for example, any P-selectin ligand domain 
described herein) to a naturally-occurring antibody sequence (for example, IgG or IgM) 
by standard recombinant DNA techniques to produce a P-selectin ligand-antibody fusion 
protein. Preferably, the P-selectin ligand sequence is appended to the amino-terminus of 
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the antibody molecule. Such antibodies are useful for disrupting undesirable interactions 
between cells or proteins, or, generally, for disrupting any interaction between two 
molecules, one of which bears a determinant carried by the antibody. Because these 
determinants normally act to facilitate interactions involving E-selectin and P-selectin 
(e.g., interactions between neutrophils and endothelial cells lining the blood vessel walls), 
the ability to disrupt such interactions provides many therapeutic applications, for 
example, in minimizing inflammation and decreasing extravasation-dependent organ 
damage and/or clotting. 

In addition, if desired, one or more sialyl-Le x moieties which mask the CH2 
portion of the immunoglobulin molecule and thus inhibit complement fixation and F c 
receptor binding may also be incorporated into the antibody sequence. Because the 
carbohydrate moieties block the immunoglobulin domain which triggers complement 
fixation and F c receptor binding, such antibodies do not elicit the undesirable side effects 
(i.e., those resulting from complement fixation and F c receptor binding) frequently 
associated with antibody-based therapies. Preferably, the carbohydrate groups serve not 
only to inhibit undesirable complement fixation and F c receptor binding, but also perform 
the function of competitively inhibiting an E-selectin and/or P-selectin mediated 
intracellular interaction. 

To inhibit complement fixation and F c receptor binding, sialyl-Le x 
determinants may be added to the antibody molecule at any appropriate site. N-linked 
glycan addition sites are well known to be: N X S/T (where N is asparagine, S is serine, 
T is threonine, and X is any amino acid except proline). Accordingly, an exemplary 
molecule may be designed that includes several such sites for attachment of sialyl-Le x 
side chains. Inspection of the IgGl sequence (Fig. 10) reveals at least five sites at which 
N-linked glycan addition sites may be introduced into the molecule in advantageous 
locations, where complement fixing and F c receptor binding ability will be impaired by 
the process. These sites include amino acid residues 274, 287, 295, 322, and 335. 
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Although these are preferred sites of N-linked glycan addition, they are not the only 
candidates; other useful sites may be identified and incorporated into the IgGl sequence 
using, as guidance, the following criteria: (1) the sites are, preferably, located in the CH2 
region of the immunoglobulin molecule, i.e., in the portion of the molecule responsible 
5 for complement fixation and F c receptor binding; (2) the sites are located in regions of the 
sequence, predicted by their hydrophilic nature, to be present on the outside of the 
immunoglobulin molecule and therefore accessible to the enzymes responsible for 
attachment of carbohydrate side chains; (3) the sites are located in a region which is 
minimally disruptive to the primary amino acid sequence and, thus, the predicted 

1 0 secondary amino acid structure. For example, a naturally-occurring site which differs 

from an N-linked glycan addition site by a single amino acid would be preferable to a site 
requiring two alterations in the amino acid sequence. Moreover, it is preferable to create 
an N-linked glycan addition site by substituting amino acids of similar charge or polarity 
(e.g., substitution of one uncharged amino acid for another). One or more N-linked 

1 5 glycan addition site substitutions may be engineered into a particular IgGl -encoding 

sequence; such sequences (i.e., those which encode an antibody molecule to which sialyl- 
Le x moieties are attached) are termed IgGl-sialyl-Le x or IgGl-Le\ 

The introduction of additional glycosylation sites at amino acids #274, #287, 
and #322 within the CH2 domain created a molecule that was unrecognized by F c 

2 0 receptor or complement using assays that are standard in the art; exemplary complement 
fixation assays include Weir et al, Handbook of Experimental Immunology, Blackwell, 
Oxford; and Coligan et al. Current Protocols In Immunology, Wiley Interscience, 1995. 

A particular IgGl molecule bearing sialyl-Le x moieties is produced as follows. 
The IgGl gene is publically available, and its sequence is shown in Fig. 10. The gene is 

2 5 mutagenized by standard methods of in vitro site-directed mutagenesis in order to 

introduce one or more N-linked glycan addition sites (e.g., those described above and 
shown above the naturally-occurring sequence in Fig. 10). The gene is then inserted into 
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a vector designed to express the protein in a eukaryotic cell (see, e.g., those vectors 
described in Gillies et al., U.S. Patent No. 4,663,281, hereby incorporated by reference). 
The eukaryotic host cell is preferably a mammalian cell (e.g., a CHO or lecl 1 cell), and 
the expression vector containing the mutated IgGl-Le x -encoding sequence is introduced 
5 into the host cell by transient or stable transfection using standard techniques. Such host 
cells are also transfected (transiently or stably) with a vector capable of expressing an 
oc(l,3)fucosyltransferase capable of attaching the sialyl-Le x groups to the antibody 
molecule at the glycosylation sites. The a(l ,3)fucosyltransferase gene may be expressed 
from a vector distinct from that encoding IgGl-Le x , or both genes may be carried on, and 
1 0 expressed from, a common vector. Mammalian cells are particularly useful hosts for the 
synthesis of IgGl-Le x because they provide all required precursors for sialyl-Le x 
production. 

To produce the sialyl-Le x -modified and sulfated antibodies of the invention, 
the gene encoding the antibody sequence is preferably expressed in a cell which also 

1 5 expresses an oc( 1 ,3)fucosyltransferase that exclusively catalyzes cc( 1 ,3)fucose linkages; 
such an enzyme is described in Walz et al., Science 250: 1 1 32-1 135 (1990) and in Seed, 
U.S.S.N. 08/483,151, entitled "Fucosyltransferase Genes and Uses Thereof," filed June 7, 
1995 (hereby incorporated by reference). Less preferably, the a(l,3)fucosyltransferase 
cDNA described in Lowe et al. (Cell 63:475, 1990) may be utilized. This 

2 0 fucosyltransferase recognizes a sialylated precursor molecule and adds either an a( 1 ,3)- 
or an a(l,4)-linked fucose moiety to N-acetylglucosamine side chains. The sialyl-Le x 
determinant is characterized by an a(l,3)-linkage, and, as such, the 
a(l,3)fucosyltransferase enzyme of Lowe ( supra) produces both the desired sialyl-Le x - 
modified molecules and products bearing a(l,4)-linked fucose which, although not active 

25 in binding to P-selectin and E-selectin, do not interfere with the action of the sialyl-Le x - 
modified molecules nor produce other undesirable side effects. 
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Host cells expressing a(l,3)fucosyltransferase and the antibody to be modified 
are grown by standard methods, and the antibody is purified from a cell lysate based on 
its affinity for a Protein A column or any other standard technique of antibody isolation 
and purification. 

5 a r Acid Glycoprotein-Antibody Fusion Proteins Bearing Sialyl-Le x and 

Sulfated Determinants 

As discussed herein, antibody fusion proteins modified by sulfation and sialyl- 
Le x addition have important therapeutic and diagnostic uses. Previous work has 
demonstrated that large amounts of antibody fusion proteins may be generated and 

10 secreted transiently from transfected mammalian cells (for example, COS cells). In 
general, to produce an AGP antibody fusion protein according to the invention, DNA 
encoding an AGP and a P-selectin ligand domain are fused in-frame to human IgG 
domains (for example, constant domains) by standard techniques, and the fusion protein 
is expressed, also by standard techniques. The antibody portion of the molecule 

15 facilitates fusion protein purification and also prolongs the plasma half-life of otherwise 
short-lived polypeptides or polypeptide domains. Preferably, antibody fusion proteins are 
expressed according to the methods disclosed in Seed et al., U. S.S.N. 08/483,151 entitled 
"Fucosyltransferase Genes and Uses Thereof," filed June 7, 1995 (which is hereby 
incorporated by reference), e.g., using IgG or IgM antibodies or portions thereof (see also 

2 0 Zettlemeisl et al., DNA Cell Biol. 9:347 (1990) for IgM fusion proteins). 

Recombinant plasmids expressing particular AGP-antibody fusion proteins 
(e.g., AGP-Hinge-CH2-CH3 and AGP-CH2-CH3 proteins) have been constructed as 
follows. A cDNA encoding the acute phase a r AGP gene was cloned from a human liver 
cDNA library by polymerase chain reaction (PCR) using oligonucleotide primers 

25 corresponding to the 5 f and 3' coding regions of a r AGP (Board et al., Gene 44:127, 
1986) according to standard techniques. The 5' AGP primer was designed to contain a 
Hindlll restriction site and the 3' primer was designed to contain a BamHI restriction site 



-28- 



rather than the AGP stop codon. The PCR-amplified product was digested with 
Hindlll/BamHI and cloned into a Hindlll/BamHI-cut plasmid expression cassette (see 
Aruffo et al., Cell, 61:1303, 1990) containing constant domains of human IgGl (i.e., 
Hinge-CH2-CH3 or CH2-CH3). A nucleotide sequence and amino acid sequence of this 
AGP-IgG fusion protein are shown in Fig. 1 1 A and Fig. 1 IB, respectively. 

To create a molecule that blocks P-selectin-mediated interactions, sites for 
sulfation and, if necessary, sialyl-Le x addition are introduced into the antibody fusion 
protein sequence (for example, the antibody fusion proteins described above). Such sites 
may be incorporated into an existing fusion molecule, for example, by introducing one or 
more sulfation sites (i.e., a tyrosine in an acidic context) in the vicinity of an introduced 
or existing sialyl-Le" addition site (for example, by standard techniques of site-directed 
mutagenesis), or a P-selectin ligand sequence (for example, any of the P-selectin ligand 
sequences described herein) may be appended to the antibody fusion protein sequence 
using standard techniques of recombinant DNA technology. 

The P-selectin-AGP-antibody fusion genes are then introduced into expression 
plasmids, and the plasmids are transfected into any appropriate fucosyltransferase- 
expressing cell for the production of soluble antibody fusion proteins. 

To prepare an antibody fusion protein capable of inhibiting complement 
fixation and F c receptor binding, additional sialyl-Le x consensus glycosylation sites (N-X- 
T/S) may be introduced into the CH2 domain of human IgGl as described above. 

Based on this construction strategy, any number of recombinant P-selectin- 
AGP-antibody fusion proteins may be designed having long plasma half-lives and the 
ability to inhibit undesirable cell-cell interactions (for example, the interactions between 
leukocytes and selectin-bearing cells). To generate molecules with heightened inhibitory 
potency, candidate molecules are designed and screened using the assays described 
above. In one particular example, molecules may be screened for their ability to 
incorporate sialyl-Le x and sulfated determinants and block the binding of neutrophils to 
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activated endothelial cells; such molecules find use in the inhibition of selectin-dependent 
inflammatory reactions and tissue injury inflicted by invading leukocytes. 

Molecules Capable of Interfering with P-Selept,n. M ediated and F.-Sel^tin- 
Mediated Interactions 

Because both P-selectin- and E-selectin-mediated intracellular interactions are 
involved in inflammation and because the crucial determinants involved in those 
interactions have now been identified, it is possible to design a single molecule capable of 
interfering with both types of deleterious interactions. In particular, molecules (for 
example, proteins) may be constructed that include both a P-selectin ligand domain (i.e., 
a domain bearing sialyl-Le* and sulfated moieties) and an E-selectin ligand domain (i.e., a 
domain bearing a sialyl-Le* moiety). Such a molecule may be constructed by combining 
domains, for example, by appending a P-selectin ligand domain to a sialylated molecule 
(for example, a sialylated antibody or antibody fusion protein described herein). 
Alternatively, appropriate sialyl-Le" and/or sulfation sites may be introduced into an 
existing sequence, for example, by site directed mutagenesis. 

Glycosylation or sulfation of an engineered molecule may be tested, for 
example, as described herein and in Walz et al., Science 250:1 132-1 135 (1990). The 
ability of a sialyl-Le x -modified and/or sulfated molecule to interfere with intracellular 
interactions may also be tested as described in Walz et al., supra, or by any standard 
technique, for example, by assaying the ability of increasing concentrations of the 
determinant-bearing molecule to inhibit adherence of T lymphocytes or myeloid cells to 
immobilized P-selectin and/or E-selectin. 
Use 

For administering a protein or organic molecule of the invention to a patient, 
the pharmaceutically-pure protein or molecule is suspended in an acceptable carrier, e.g., 
physiological saline, and is delivered to the patient by any appropriate route (for example, 
intravenously) in a single dose or in multiple doses. Optimally, a sufficient quantity of 
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the therapeutic is provided to saturate all P-selectin and, for a dual function molecule, all 
E-selectin binding sites on an endothelial cell. Typically, this may be achieved with ' 
doses of 0.1 mg/kg or greater. The preferred dosage is in the range of 0.1-2.0 mg/kg. 

The sialyl-Le*-modified and sulfated molecules and proteins of the invention 
(for example, the modified antibodies and antibody fusion proteins described herein) may 
be used, in one example, for the treatment of extravasation-dependent organ damage 
and/or clotting. In particular, because P-selectin mediates the attachment of neutrophils 
overlying sites of inflammation or tissue damage or proximate to thrombus formation, the 
molecules and proteins of the invention provide useful therapeutics for blocking such ' 
interactions. For example, P-selectin likely mediates the migration of neutrophils into the 
lung following adult respiratory distress syndrome and into the heart following ischemic 
myocardial injury (i.e., infarction), and may play a role in glomerular damage to the 
kidneys under certain conditions. Accordingly, a sialyl-LeMnodified and sulfated 
molecule or protein of the invention may be administered to a patient suffering from such 
a disease or condition. Such treatment attenuates extravasation-dependent damage by 
competitively inhibiting the interaction between the invading neutrophils and the 
endothelial cells of the blood vessel or organ. The compounds of the invention, 
particularly, P-selectin ligand-AGP fusion proteins and P-selectin ligand-AGP-antibody 
fusion proteins may also be used, as described above, for the treatment of septic shock or 
septicemia. 

In addition, antibodies or antibody fusion proteins according to the invention 
may be used in conventional techniques of antibody-based therapies or in vivo 
diagnostics, taking advantage of the antibody's specificity to target therapeutic or 
diagnostic sites. In one particular example, the P-selectin ligand domain of an antibody 
fosion protein according to the invention targets that protein to a site of inflammation and 
provides both a therapeutic (useful for blocking deleterious P-selectin-mediated 
intracellular interactions) and a diagnostic (useful for tagging the site of inflammation). 
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Again, attached sialyl-Le* detenninants may be used to mask the CH2 domain of the 
antibody and block the undesirable effects of complement fixation and F c receptor 
binding. 

Other EmhnrhWrrfs 

> Other embodiments are within the claims. For example, for the purpose of 

blocktng interactions between ceils or proteins, any other appropriate carrier molecule to 
wmch a sialyl-Le- and a sulfated determinant m ay be attached may be utilized in the 
mvention. Generally, proteins are preferred because of their relatively long half-lives in 
serum. One class of carrier proteins are serum protein such as albumin (e.g. bovine 
serum albumin or human serum albumin), transferrin, or a-2 macroglobulin. The carrier 
protems may contain endogenous sulfation and glycan addition sites in addition to which 
st.es are introduced into the DNA sequence of the carrier protein (as described above) by 
for example, site-directed mutagenesis. The carrier molecule, less preferably, may be a ' 
l.p.d. In one example, the lipid, with one or more attached sialyl-Le" and sulfated 
determinants is de.ivered as a liposome ,„ . targe, ce „ wa] , (e.g., „ endomeUa| ^ 
wall). The liposome may block a cell or protein interaction or may be used to deliver a 
drug to its appropriate site of action. 

Production of carrier molecules bearing sialyl-Le* and sulfated determinants 
may be carried out in a cell, preferably, a eukaryotic cell other than yeast. Mammalian 
cells, e.g., mammalian cell lines, provide particularly suitable hosts. These cells 
generally synthesize the necessary precursor molecules and produce or can be engineered 
to produce the enzymes responsible for sulfation and carbohydrate attachment. For the 
attachment of sialyl-Le* determinants, mammalian cell lines such as CHO and led 1 are 
particularly suitable. Alternatively, either or both of the sialyl-Le* and sulfated 
determinants may be attached to a carrier molecule in vitro, i.e., extracellularly. In one 
example, a(l,3 )f ucosyltransferase would be bound to a solid support (e.g., a column) and 
a sulfated carrier molecule passed over the bound fucosyltransferase enzyme under 
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the carrier molecule. 

Th e invention also encompasses Me ygg of sulftted ^ sia , y| . Le , modified 
AGP-a„„body fcsion proteins for protectillg ^ .^.^ ^ ^ ^ 

■nducng even,, (he clinica, manifestations of shock, or both which are caused by 
microbial factors (e.g., ^polysaccharides (LPS)), microbial toxins (e . g ., toxic ^ 
enterotoxins), host mediae (e.g., cytokines), or anti-ttunor therapies (e g 
administration of tumor necrosis factor (TNF) or interleukin-l (IL-,)) 0Tmy 
combine thereof. For examp.e, such an antibody fusion protein can be administered 
.0 a human patient to aiieviate the effec* of septic shock induced by microbial LPS The 
ability of an antibody fusion protein ,„ protec , ^ ^ or ^ ^ ^ rf 
shock (e.g„ septicemia or toxic shock syndrome, is evaluated according ,„ standard 
method^own in the ar, (e.g., , ho se described in Libert e, al. (, 994) , Exp . Med. , 80: 

All publications, patents, and patent applications mentioned in this 
specification are herein incorporated by reference to me same extent as if each individual 
publication, patent, and patent appiication was specificaUy and individual* indicated , 0 
be incoporated by reference. 
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